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SUNMARY
Thewei@tofa WQly sqpportedtransverselystiffenedcompression
panelsubjettedtoa givenbucldlngloadisinvestigatedasa function
ofthestiffenerspacing,plat”ethickness,andthegecmetryofthe
stiffenerc ossection.
Itisshownthatthereareparticularcombinationsfstiffener
spacingandplatethiclmess,dependentu.onthegeometricalproperties
ofthestiffenerc ossection,forwhichthepanelwei@tisa
lU3rdJnum.Chartsarepresentedtofacilitatehedetermhmtionf
theseoptimumvaluesofstiffenerspacingandplatethickness.
ImrRoDucTIon
Thestabildtyunderendcompressionofsimplysupportedflatplates
withequallyspacedtransversetiffeners(fig.1)isdiscussedin
reference1. Thestabilltycriteric)nsyresentedthereinarein.a
formmnvenientforthedeterminationofthestiffenerflexuralstiffness
requiredfora platewithtransversetiffenerstosupporta given
compressiveloadwithoutbuckling,providedthatthestiffenerspacing
andtheplatelength,width,andthiclmessareknown.Thetotalweight
ofthedesignsoobtainedcanvarywidely,however,dependinguponthe
psrticuhmstiffenerc ossectionchosenandthevaluesassumedfor
thestiffenerspacingandplatethickness. ~
.
lhthepresentpaperthevariationi thetotalweightofa
transverselystiffenedplateisinvestigatedasa functionofthe
stiffenerspacing,platethickness,andthegeometricalpropertiesof
thestiffenercrossection,withtheassumptionthatonlytheend
compressiveload,platewidth,andmaterialpropertiesareknownl For
certainassumedvariationsofthestiffenera eawiththestiffener
momentofinertia,chartsarepresentedtofacil.itateth desi~ofthe
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li@3estweight~anelthatcanwithstandthegivenloadwithout.buckMn*
Theuseofthesechartsisillustratedintheappendixbymeansofa
nunqricalexzmple.
ASSWTIONEI
Thefollowingbasicassumptionsaremadein the presentpaper:
(1) Thecrossectionsofthe@ate areconstantandthematerial
isuniformthrol@lolJk
(2) Thestiffenersareidenticalndequallyspaced-
(3) Thestrainsareelastic .
(4) Theplateisinfiniteinlengbh
(!5)Thestiffenershavezerotorsionalstiffness
Theprincipallimitationsoftheanalysisareseemingly@osed ~y
assumptions(4) and(5) . Anexmdnationoffigure7 in reference1
tidicatesthat,asregardsassumption(k),theanalysispresentedinthe
presentpapershouldapply,withreasonableaccuracy,topanelswith
morethan?ourbaysandneednotberestrictedtoa plateofinfinite
length;theassumptionthatthestiffenershavezerotorsionalstiffness
(assumption(5)) shouldbesufficientlyaccmatefor~st paneldesi~
usingopen-sectionstiffenersandisdiscussedinmoredetailinthe
sectionentitled‘!Effectofstiffenertorsionalstiffness.”
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Thetotalwei~tofpenelmaterialperunitlengthandwidthis
proportionaltoanaverageplatethickness
.
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.
‘P ~latethickness
J% stiffenera ea
.
L stiffenerspacing
Thisaverageplatethicknesscanvarywidelydependinguponthe
(1)
particularstiffenera eachosenandthevaluesassmedforthestiffena
spacingandplatethickness.TheaaalysisisccmsiderablysW@lifiedif
thevariationfstiffenera eawitheffectivemynentofinertia~ is
knownsticethemxmntofinertia,andhencethearea,isa fuuctionof
theplatethiclmessandstiffenerspacing.!2heproblemisthenreduced
tothatoffind3ng-theparticularvaluesofplatethiclmessandstiffener
spacingthatyieldtheIlghtestwei@ panel,providedthebuckling
loadjplatewidth,materl’alproperties,andvariationfstiffenera ea
withmomentofinertiasreknown.
.
Relationshipsbetwe6nstiffenera eaandnumentofinertia.-Ifit
isassumedthatnopanelloadsotherthanthecompressiveloadWluence
thestiffenerdesign,theoptimmstiffenerc ossectim,fromthe
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considerationofweight,istheonewiththeml.nimm
.
cross-sectionalarea
foranygivenvalueofmomentofinertia.Hence,thestiffenerc oss .
sectionshouldbemadeasdeepaspossible.E thestiffenerc oss
sectionismadesufficientlydeep,thevalueof Ar’Ircanbemadeto
approachzero.Practicalcmsiderations,ofcourse,prevent
thisI.imLtfrombetigreached.
Limitationsmaybe3mposedonthestiffenerc ossectionotherthan
thoseonthedepth.Twopossiblelimitationsareconsidered. .
(1) Theremaybea maximmallowablevalueof h/tr,thelength-
.thicknessratioofanyweb-orflangeof~ stiffener.Designingfor
minjnumstiffenerwei@twouldrequirethatthemaximumallowableva@e
of h/trbeusedinallpaneldesigns,unlesspreventedbyother
restrictions.IXthevalueof h/~ isheldconstantforthesttifeners
indifferentpaneldesignsand.ifthereisgecmetricsimilarityofthe
centerlinesofthestiffeners,thestiffenera eacanbeshowntovary
a~rox3matelyasthesquarerootofthestiffener&t ofinqrtia.
(2)Theremaybeandnlonmallc&blevaluefor ~ ~ Ifthis
limitationgovernsthestiffenerdesign,themimlnnmstiffenerweightis
obtainedonlywhenthendninumallowablevalueof.~ isused.E the
valueof ~ isheldconstantforthestiffenersofdifferentpanel
designsandifthereisgeometricsimilarityofthecenterlines~ofthe
stiffenersh thedifferentPanelslthestiffenera ea.banbeshownto
varyapproximatelyasthec~e rootofthestiffenermomentofinertia.
Thevariationsofstiffenera eawithmmetioftiertiathatare
considered,therefore,arethosethatcanbeexpressedas
(2)
where~ isa constant.and n equals2 or 3. In thecaseofplates
stiffenedononesideonlly,Timoqhenlm(reference2)hasproposedthat
themmenkoftiertiashouldbec~uteriabouthelineofcontactof
stiffenerandplate.
Thestiffen&
expressedby
momentofinertiarequiredtoprevantbucldingcanbe
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6whe= 7 isdetezmLnedfromequation(16)ofreferenoe
. .
1 as
~where
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4=1 +1-=
‘, (4)
and
Pi)k=—
Yt%l
.
Henceequation(1)oanberewrittenas
5Q-m u“()ta=tp+— —yL% (5)
NondtmnsionalWrmeters.-Theplatethiclmessandstiffenerspacing
mayvarywith3nthel.tmits
.. -----
. .. . . . ... .. . . ..
.:,. .” .- —- —-.
. . .
.
,.
..
.
I
I
i
I
I
,
I
I
where ta la the plate thidmeas required to mmlntain stabillty in the unstiffene& plate
(t.= $%) and ~ 10 the stiffaner spmxlng beycm.1 whi.oh no amount of stiffening
will mtitain stsbili~ of “the” pkte for a given ccqpressive load, plate width, and plate
thidmess (==.*))
h order to represent the results more mmvemlently, the ana&sis Is made no~ioI@
by working tith the ratios
_b.#g and L~x instead of the aotual plate thiolmess
and stiffener spaoing. US* the s@KLs
.
and
‘=*
and rearranging equatlm (5)yields
0
I
I
..8
Mlnilnization.-Theplate
thelightestweightpanelare
respeoto $ and.8
.
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tbicknfmsandstiffenerspacingthatyield.
foundby~zing equation(6) with ,
c
ta(+j
Equatim(7) yields
sinYt@-rsinr@
CosYc@- 00sIv@
n++
7
(7)
(8)
(9)
V-s of @ or L* thatgivenibxlmmwei@tforgivenvalues
of n and 5 havebeen-tied fromequation(9)andare givenin
the followingtable:
k
1ooo
lo
7
5
4.o2
4
8
0.159
.736
.805
.928
“998
1.000
n=.=
o.9X)
.glo.
.glo
.91L
“935
1.000
1.k3
0.950
.950
“950
l950
“957
1loo
l
.
.
.
Wherestiffeningisrequired(k greaterthan4),thistableshuwsthat
forvaluesof 6 rsnghgfromO toO.9thepauelwei@tisami.rdmm,
withrespecto ~j when~= 0e91for n= 2 md ~= 0s95 for n=.3~ ‘
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Stistitutingequation(IQ)titoequation(6)gives
.
Equations(If))and(Xl)andtheresults
toplotcurvesforthe~-weight design
of
of
.
(U)
Valuesof ~/ts werechosen;and;with L*
equation(9) wereused
chordwisestiffened plates.
n.2 mdC).~for n = 3, mrrespondingvalues
/- ta ts werecomputedfrom’equations(lo)and
abscissaandordinate,respectively.Theresults
equalto0.91for()of & @I&J%
(U) endplot::as
for n= 2 and n. 3
arepresentedinfig&es2-and3, respectively. Withplatewidth,load,
materialconstants,andtherelationshipofstiffenera eatolmlllent
~2 lln Q
oftiertiaknuwn,
()
— isdeftied;endthecurvesoffigures2
~ bta
and3,withtheaidoffigure4,maybeusedtoobtainoptimumvalues
ofplatetldcknessandstiffenerspacing,aswellastherequired
stiffenera eaandmmentofinertia.Theuseofthesechartsis
explained‘bymeansofanillustrativeexampleintheappendix.
Itcanbeseenfrcmfigures2 and3 thatastheabscissaincreases,
it becomesmoreadvantageo~tousethick-sldn
.
valueof t#ts approachesunity.Indeed,if
increasedheymdthelimitingvalues0.361for
COllSti”btiOIl in whichthe
~2 l/n%
()T -is
n= 2 and0.229for n =3,
theuseofB%iffenerswillL@-elda panelheavierthantheunstiffend -”
plate.Conversely,whentheabscissadecreases,itbeccmesmoreadvantageous
tousethin-sldnconstructionntiich~/ts approacheszero.
insomecasesitmay“bemoreconvenienttodesignthepanelwith
L equalto ~, thestiffenerspacingatwhichtheplatebuclil.es
throu~thestiffeners.DesigQcurvesfor Lk equalto1.00,plottedtifigures2 and3,indicatethattheincreaseinwei@rtover
4
thedesignsfor L ~ equalto0.91for,n = 2 = L/~x eqml
toO.% for n= isatmost5 percent.-
Effectofstiffenertorsionalstiffness.-Oneoftheassmpklons
madeinthispaperisthattheeffectsofstiffenertorsionalstiffness
.
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ontheload-carryingcapacityofthestiffenedplatearesmalland
maybeneglected.ThevaUdityof,thisassumptionwillnowbeinvestigated.
TheeffectofstiffenertorsionalstiffnessonthebuclUngloadof
a chordwisetiffenedpanelcanbedeterndnedfromfigures2 to5 of
reference1. Fromtheseresultstherangeof@ate bayaspectratioL/b
forwhichthebucklingloadisonlysli@r&ilyincreased(increasedby
lessthan5 percent)bytiestiffenertorsionalstiffnesscanbe
determined.Thedesigncriterionspresentedinthispaper,based.on
theassumptionfzerotorsion@.stiffness,canreasonablybeassumed
toapplyforthisrangeof L/b.Becausethedesigncriterionsinthis
paperindicatethatthemostefficientpaneld.esf~isobtainedwhen
L~x iSapproximatelyqualto1,theeffectofstiffenertorsioti
stiffnessonthebucldlingloadisinvestigatedonlyintheregicm
immediatelyadjacenttothecut-offlinesinfigures2 to9.
‘wLetthestiffenerflexural-stiffziessparameter“ ~3~ bedaoted.by S”andthestiffe’herto sionalStiffnesqparameterX% ~LGJ
bedenotedby T. Then
.
,..%-s%
T-- y’(zud
b~
.
fromwhich
(I@
w
is
correspondingvaluesof L/b and
increased5 percentoverthat“for
~SfI!forwhichthebucHinglo@
T = O are‘knuwn,corresponding .
valuesoftheparameter~ 1~~ thatcausethisincreasemaybeobtained
n v%?%
fromequation(12). Thesevaluesof L/b and ~ wereobtained
fromfigures2 to5 ofreference1 andwereusedtoconstructthecurve
offigure5 herein. I
/
--- .- ..:-- .. —--- . .—— ..-— ~.— .—. - ___ _..
—--- . .. ----- _-
— ———— ... . . _. .. _.-.
If,fora givenstiffener,theactualvalueof L/b forthepsnel
isgreaterthanthevaluegivenbythecurveoffigure~,theerrorin
loadcamyingcapacityislessthan5 percentandmaybeneglected.If
thevalueof L/b islessthanthevaluegivenbythecurve,theerror
ismorethan5 percentandtheeffectsofstiffenertorsionalstiffhebs
shouldbeinvestigatedmorethorou@ly.
Thefollbmingexal@eillustratestheuseoffigure5 fora Z-section
stiffener.Thewebdepth~ isassumedequaltotwicetheflange
width,endthestiffenerthickness~ isassumeduniformthroughout.
If G, theshearmodulusofelastici~,isequal.”to ~/2.66,
For a .val.ueof %$% of 15,
“#
-—1-L m. o.o118*%%
and,frcmfigure5,theeffectofstiffenertorsicmalbtiffnessmaybe
neglectedif L/b isgreaterthan0.14.
IftheupperflangeisremovedfromtheassumedZ-section, the
resultingstiffener is ananglefor which
If %+% is againequalto 15,
. r&cd— = 0.0152fl%%?
and, frcunfigme5, the effect of stiffener torsicmalstiffness maybe
neglectedif L/b isgreaterthan0.18.
Lowerlimits onthe valuesof Lfi forwhichtheeffectof
stiffenertorsionalstiffnessmaybeneglectedmaybeobtainedina
similarmsnnerforstiffenerswithothercross-se-tiional
dinlensionsl “a
‘1
u
shapesand
.-. .- .- -..-—- —.. —-.. .—-— — .-
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coI’mmmfGREMARKS
Theweightofa simplysupportedtransverselystiffenedc~reasion
panelWbjeotedtoa givenbuclddngloadhasbeeninvestigatedasa
functionofthestiffenerspacing,platethickness,andthegeometry
ofthestiffenerc ossection.
Ithasbeenshownthatthereareparticularco.uib3nationsofstiffener
hpachgandplatethickness,dependentuponthegeometricalproperties
ofthestiffenerc ossection,forwhichthepanelwei~tisa ndmlmm.
Chartshavebeenpresentedtofacilitatehedetemdnationfthese
optimumvaluesofstiffenerspacing- platethiclmess.
Theeffectofstiffenertorsionalstiffnessuponthedesign.
criterionshasbeeninvestigate&A charthasbeenpresentedgivingthe
rangeofplatebayasyectratioforwhichthetorsionalstiffnessofa
givenstiffen=increasesthelmcld.hgloadby5 percentorless.It-cm
bereammablyassumbdthatthedesigncriterionsofthispaper,based
upontheassumptionfzerotorsionalstiffness,willapplyforthis
rangeofplatebayaspectratio.
LangleyAermauticalLaboratory
I?ationalAdvisoryCommitteeforAeronautics
IangleyField,Va.,August2,1948
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Asanillustrationoftheapplicationoffigures!2and3 toa
designProblemza platewithtransverseZ-sectionstiffeners( eefig.1)
willbedesignedinaccordancewiththetwocriterionsdevelopedin
thispaper.
Platedesireillustrating use of fi me 2.- !12heplate widti b is
25 in. andthe load 2 to bec-iea is10,000lb; p and E forthe
plateandstiffenermaterialare.0.33end10.5X 106psi, respectively.
Thewebaepthof the stiffeners is twicethe flangewidth,andthe ratio
of webdepthto stiffener thicknessis 25.
Undertheseootitionstheareacd?thestiffenervariesdireotly
asthesquarerootofthemmentofinertia,withtheconstantof
proportionalityK& equalto0.438.Figure2 mustthenbeused,with
=
Withthesevaluesof
—=0091
L
0*(S2y2
[; (1 - 0.3+) ilmm x 25 ~~3lo.5xlo
o.o~o
1/2~
()
P# ‘
~
ma L&, theoptinum
~ ,
yalussof t#ts and t~ts are,frcmfigure2,
~ = o.~
0
/
s= 0.65
ts .
—--- --- ..—. —- — .. --—. .-—.
,.
,.”
.
.
.
,
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Since
t~ = a (1 - o.33q +
*2 lf).5xlo
= o.lk15in.
theplate thicknessfor minimumWei#ltis
ijpo.46xoo185
= 0.085b.
sndtheaverageplatethiclmessi
ta =o.65xo.l@
= O.lz?oin.
framwhich
= 0.035in.
. .
Vwith t~ known,thestiffener spaolngq be determinedasfollom:
Fromfigure4,with >= 0J+6,
s
b~= 0.16
L.o.91 x25x0.16
= 3.64 in.
15
.. . ..-. ---- .. . ... --- .-—-— —~---- -— ---— —-— -
.-- .. . ... —-...—.-— -—. — -—--- —----- - --
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Therefore
Aj 0.035x 3.64
= 0.127in?
andfromtherelationbetween~ and I& givenbyequation(2)
Thereqtiedstiffenerdimensionsare
Webde@hs 1.25 in.
mangewidth= 0.63 in=
Thickness= 0.05 h.
. Plate d.esimilhstratin~useoffigureI.-Thepaneldesignedin
thepretiousdesiguproblemwillberedesignedwithstiffenershaving
a thicknessof0.050anda ratioofwebde@htoflangewidthof2.
Undertheseconditionstheareaofthestiffenervariesapproxhnately
asthecuberootofthenumentofinertia,withtheconstantof
proportionalityK3 equalto0.39. Figure3mustthenbeused,
with
(+9’32=2*5(’%y3
= 0.0710
.
*
*
.
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1/3 K“
()
~2
Withthesevalms of — + and L&,
%
VShOBOf~/ts~ _$Jt*-, fr~figure 3,
17
theoptimum
,
52= .0.49t~ ,
t.
~= 0.72t~
Then,sincets= Ol185in.,theplate thicknessfor minimumweightis
“t; = o.49xo.185
= 0.091
andthe averageplate thickness”is
in.
ta=0.72xo.3.@
. =0.133in. “
fromwhich
4
— = o.133- 0.091
L
.
With t#~ knmm,the stiffener spacingmaybe”determinedas
f Olkws:
Fromfigure4, with ~ = 0.49,
s
k= o.18
b
.
. ..- —.-. . ..-— ---- —- -—- .------— —-— .— -
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L= O@5XOc~X25
= 4.28 ti.
Therefore
~ = 0.k2X 4.28
= Omo jn.z .
Therequiredstiffeneraimenslansm
= 1.80 in.
= O.y) jn.
= 0.05in.
.
.
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Figure1.-Simplysupportedplatewithtrs.nsversestiffeners.
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Figure 2.- MMmum%wxlght -design curves forsimplysupportedplsteswithtransversestiffeners
(n= 2).
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Figure 9.- Minimum-weight-design curves forsimplysupportedPlateswithtransversestiffeners
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